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FLUORESCENCE SPECTROSCOPY IN THE CHARACTERIZATION 
OF HIGH-BOILING PETROLEUM DISTILLATES 

J. F. McKay and D. R. Latham 

Laramie Energy Research Center, Bureau of Mines, U.S. Dept. of the Interior, Laramie, Wyo. 

INTRODUCTION 

Although many workers have attempted to use fluorescence spectroscopy i n  the characteri- 
zation of crude oils (1-5), the technique has found limited application in the characterization of 
crude oi l  fractions. This i s  a result of several factors. First, separation schemes have not been 
developed for obtaining simplified petroleum fractions that are suitable for fluorescence analysis. 
Second, commercial instrumentation that enables many spectm to be recorded in a small amount 
of time has not been available. Third, the lack of success in characterization of total crude oils 
has probably dompened the enthusiasm of some workers as to the potential of the fluorescence 
technique. Drushel and Sommen (6) successfully employed a combination of GLC and fluores- 
cence and phosphorescence spectroscopy to identify pyridines, quinolines, indoles, and carbazoles 
i n  a light catalytic cycle oi l .  Their work showed that fluorescence and phosphorescence, when 
used under proper experimental conditions, can supplement other spectroscopic methods in the 
characterization of petroleum distillates. The separation scheme used here, like that of Drushel 
and Sommers, separates distillates into fractions that are simple enough to be analyzed by fluo- 
rescence spectroscopy. The separation scheme was designed to isolate concentrates of compound 
types, not individual compounds. 

This paper demonstrates that fluorescence spectroscopy i s  an analytical technique which 
can be useful in the characterization of high-boiling distillates. Acid Concentrates isolated from 
a Wilmington, Calif., 400-500"C distillate and a Wasson, Tex., 400-500°C distillate were ex- 
amined. Carbazoles, 1 1H-benzo[alcarbazoles, 1,2,7,8-dibenzphenanthrenes (picenes), 7H-benzo- 
[clcarbazoles, chrysenes, benzo[alpyrenes, and perylenes were identified i n  the acid contents by 
fluorescence spectroscopy. Examination of other 400-500"C concentrates resulted in the identi- 
fication of coronenes, benzo[ghi]perylenes, and benz[a]anthracenes. 

EXPERIMENTAL 

Apparatus 

taining acid concentrates from high-boicng petroleum distil lates has been described (7). 
Anion Exchange Chromatography. - The preparation of ion exchange resins used for ob- 

Gel Permeation Chromatography. - The details of the gel permeation chromatographic 
separation of a Wilmington, Calif., 400-50O"C ocid concentrote have been Dublished 18). A . ,  
water-jacketed glass column, 1.3 cm i .d. by 150 cm, packed with 80 g of c;oss-linked styrene 
gel was used with methylene chloride as solvent. 

Thin-Layer Chromatography. - Thin-layer chromatographic plates 20 cm by 20 cm were 
prepared using a slurry of silica gel G and water. The layers were approximately 250 microns 
thick. The plates were conditioned at 100°C for several hours and were developed using cyclo- 
hexane 85%, diethyl ether 12%, and glacial acetic acid 3%. Visualization was effected by means 
of long (350 nm) and short (254 nm) wavelength ultraviolet light. 

Infrared Spectroscopy. - Infrared analyses were performed using a Perkin-Elmer Model 521 * 
infrared spectrometer. Methylene chloride was used as the solvent for al l  infrared analyses. 

*Reference to specific brand names or models of equipment i s  made for information only and does 
not imply endorsement by the Bureau of Mines. 
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Fluorescence Spectroscopy. - A Perkin-Elmer MPF-2A spectrofluorimeter WQS used for 
recording al l  fluorescence emission and excitation spectra. Continuously variable slits enabled 
spectra to  be rapidly obtained. Fluorescence-free cells having a 1 cm path were used in this WO. 

Materials 

Model Compounds. - The model compounds were obtained commercially. Approximately 
half of the compounds were found by fluorescence analysis to be contaminated with impurities 
that fluoresced. The desired model compounds were separated from the impurities using thin- 
layer chromatography on silica gel G or aluminum oxide G. 

Solvents. - The methylene chloride used for the gel permeation chromatographic separati. 
and subsequent infrared analysis was Baker and Adamson Co. reagent grade which had been flash 
distilled. Fluorescence analysis of this material did not detect aromatic hydrocarbons or other 
fluorescing impurities. 

The cyclohexane used for thin-layer chranatography and fluorescence analyses was Phillil 
Petroleum Co. research grade which had been passed over silica gel. Fluorescence analysis of 
this material did not detect aromatic hydrocarbons or other. fluorescing impurities. 

Fluorescence Emission and Fluorescence Excitation Spectra of Model Compounds 

Cyclohexane was used as the solvent for obtaining al l  spectra. Fluorescence emission an 
fluorescence excitation spectra of model compounds were recorded at room temperature in very 
dilute solutions (10" to lo-' molar). Typical spectra were recorded at one concentration, the 
sample diluted tenfold, and the spectra again recorded. This process wos repeated until the rela 
tive intensities of the bonds within each spectrum remained constant. In only a few cases did th 
band intensities change when the spectra were recorded in extremely dilute solutions. Using thi 
procedure, spectra distorted by concentration phenomena, such as eximer formation, were avoide 

impurities were contributing to the emission spectrum of the model compound. Similarly, excita 

the possibility that impurities were contrihuting to the excitation spectra of the model compoun 

-i Each sample was irradiated at several-different wavelengths to reduce the possibility t 

tion spectra were recorded with the emission monochromator set at different wovelengths to 

j Separation Procedure 

A diagram of the separation procedure i s  shown in  Figure 1. Samples of a Wilmington, ( 

500°C distillates were collected. The distillates were passed over an anion exchange resin, and 
Calif., crude oi l  and a Wasson, Tex., crude oi l  were vacuum distilled (7), and the nominal 400 

the materials which were retained on the resin were defined os the acid concentrates (7). The 
acid concentmtes (100-200 mg) were separated by gel permeation chromatogmphy (8). The gel 
permeation chromatographic fractions were analyzed by infrared spectroscopy to determine the 
separation obtained by the GF'C treatment. The G K  fractions that contained predominantly 
phenols and nitrogen compounds, fractions 35 through 47, were further separated by thin-layer 

' 
chromatography. The individual TLC fractions were removed from the plate, and the samples wet 
extracted from the silica gel with cyclohexane. Traces of silica gel were filtered from the cycla 
hexane solution. The fluorescence emission and fluorescence excitation spectra were then recoh 
Blank extraction runs were periodically made on the silica gel (using TLC plates which had been 
developed) to demonstrate that fluorescent impurities were not being extracted from the silica ~e 
In addition, a solvent blank was analyzed by fluorescence spectroscopy before the emission spec- 
trum of each TLC fraction was recorded to show that traces of fluorescing compounds were not ) 
present in the solvent or in the sample cell. 

1 
I 

d 
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RESULTS AND DISCUSSION 

Fluorescence Emission and Fluorescence Excitation Spectra of Model Compounds 

Identification by fluorescence spectroscopy of aromatic ring systems present in complex 
mixtures such as petroleum distillates requires a comparison of the ai l  sample spectra with those of 
model ring systems. Fluorescence emission spectra and tables of spectra of many heterocyclic 
and polyaromatic compounds have appeared in the literature (9-15); but these spectra were re- 
corded in a variety of solvents, at different temperatures, making them difficult to use in our 
study. These problems have been overcome by obtaining samples of heterocyclic and polyaro- 
matic compounds and recording the emission and excitation spectra using a uniform solvent, tem- 
perature, and recording procedure. Peak maxima of both fluorescence emission and fluorescence 
excitation spectra of heterocyclic and polyaromatic compounds which may be used to identify 
aromatic ring systems are presented i n  Table 1. The most intense peak i n  each spectrum i s  under- 
lined, and the compounds are listed according to the wavelength of the most intense fluorescent 
band. These spectra have not been corrected for varionces of spectral source and phototube 
response with wavelength. 

Application of Fluorescence Spectroscopy to the Characterization of a Wilmington 400-500°C 
Acid Concentrate 

Figure 2 shows the TLC chromatogram of the Wilmington gel permeation chromatographic 
fractions. Examination of Figure 2 shows that the silica gel G thin-layer treatment did not com- 
pletely separate some aromatic ring systems. Because of this incomplete separation, ultraviolet 
analyses were of limited value in the characterization of these fractions. Fluorescence analysis, 
however, was useful in characterizing these fractions because emission spectra and excitation 
spectra of  each component ring system could be instrumentally isolated and recorded. Each sample 
was irradiated at several different wavelengths to obtain an optimum emission spectrum. Similarly, 
excitation spectra were obtained by recording the excitation spectm with the emission mono- 
chromator set at several different wavelengths. 

the fluorescence emission and fluorescence excitation spectra of 1 lH-benzo[a]carbazoles found 
in  the Wilmington 400-500°C acid concentrate together with the corresponding spectra of the 
model compound 1 lH-benzo[olcarbazole. Visual examination of the thin-layer chromatographic 
plate indicated that 1 1H-benzo[alcarbazoles represented a large percentage of the material found 
in these fractions. Snyder and b e l l  (16) have previously identified and made quantitative es- 
timates of 11 H-benzo[alcarbazoles and 7H-benzo[a]carbazoles in cracked gas oils using ultraviolet 
spectroscopy. In the work described here a quantitative estimation of the benzcarbazoles in the 
acid concentrate i s  precluded by the use of thin-layer chromatography as well as by problems in- 
herent in the fluorescence method. 

11H-Benzo[a]carbazoles were identified i n  GPC fractions 35 through 43. Figure 3 shows 

The appearance of the 11H-benzo[a]carbazole aromatic ring system in a rather large num- 
ber of-GPC fractions i s  presumably due to the presence of a homologous series, Mass spectral 
analysis o f  a GPC fraction from a Wasson 400-500"C acid concentrate containing 1 lH-benzo[aJ- 
carbazoles indicated that a homologous series was indeed present. 

present in a single TLC fraction, the fine structure of the fluorescent emission spectrum of the mix- 
ture i s  the same as that of the parent model compound, within the detection limits of the spectro- 
meter. This behavior was expected, based on the work of Monkmann and Porro (12) concerning 
the effects of methyl substitution on the fluorescence of benz[a]anthracenes and of Schoental 
and Scott (1 1) concerning the effects of methyl substitution on the fluorescence of naphtho(2':1':2)- 
fluorene. The effects of methyl substitution on these systems were not large. Our data suggest 
that alkyl substitution or multiple alkyl substitution does not significantly alter the vibrational 

Although a complex mixture of  alkylsubstituted 11H-benzo[a]carbazoles appears to be 
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energy levels of the ground and excited states. Spectra of substituted ring systems in  the oi l  
are superimpable on those of the unsubstituted model compounds. This negligible effect of 
alkyl substitution i s  important because it allows mixtures of compounds having the same aromatic 
nucleus--compound types--to be identified by fluorescence spectroscopy. 

Substitution effects would be predicted to be smaller for large polyaramatic molecules 
than for small molecules. Thus, as higher boiling distillates are studied, the fluorescence fine 
structure of the aromatic systems should not be affected by substitution, enhancing the use of flu- 
orescence spectroscopy in the characterization of these materials. 

39 through 41. The emission and excitation spectra of a TLC spot from GPC fraction 41 together 
with corresponding model compound spectra are shown in Figure 4. These two compound types 
appear to represent a relatively small percentage of the material being examined. The distribu- 
tion of these ring systems in only a few GPC fractions suggests that these compound types are not 
as extensively substituted as the 1 lH-benzo[a]carboroles. 

Chrysenes and carbazoles were observed in the Wilmington acid concentrate GPC fractions 

\ 

, 
I 

1 concentmte GPC fractions 43 through 45. The emission and excitation spectra of 7H-benzo[c]- 
carbazoles and perylenes obtained from GPC fractions 43-45 together with the corresponding 
model c o m p n d  spectra are shown in Figure 5. 7H-Benzo[c~carbozoles and perylenes appeared 
to be more predominant in these GPC fractions than benzo[a]pyrenes, yet neither of these ring 
systems represented a large percentage of the total material being investigated. Perylene has 
been identified by ultraviolet absorption spectroscopy in high-boiling distillates by Carruthers 
and Cook (17) and also in marine sediments off southern California by Orr and Grady (18). 
Again, the GPC distribution of these compound types suggests that the polyaromatic ring systems 
are not extensively substituted. 

7N-Benzo[a]carbazoles, benzo[aJpyrenes, and perylenes were observed in Wilmington acid 

The presence of aromatic ring systems such os chrysene and benzo(a1pyrene in  the acid con- 
' centmtes has not been explained. Fluorescence analysis permitted the identification of the aro- 

, -  matic ring systems present i n  the acid concentrates but yielded no informotion concerning substi- 
tution with OH or N H  functional groups or whether small amounts of hydrocarbons have been 
retained in  the acid concentrates by entrainment or by some bonding mechanism, such as hydrogen 

Application of Fluorescence Spectroscopy to the Churacterization of a Wasson 400-500° Acid 

A survey of the fluorescing aromatic compound types  in  a Wasson 4OO-!BW"' acid concen- 
trate indicated that c o m p n d  types similar to those found in  the Wilmington oi l  were present in 
the Wasson oil. 1 IH-Benzo[a lca~o~es,  carbazoles, and 7H-benzo[c]carbazoles were identified 
in various TLC fractions os shown in  Figure 6. These compound types were eluted from the GPC 

mn in G K  fractions similar to those of the corresponding compound types of the Wilmington 
-5OoOC acid concentrate. Chrysenes, perylenes, and benzo[a]pyrenes were not found in the 

Wasson acid concentrate; however, 1,2,7,8-dibenzphenanthrenes (picenes) were identified in the 
Wasson acid concentrate. 

'&pl ication of Fluorescence Spectroscopy to the Characterization of Other 400-500°C Concentrates' 

Figure 7 shows the fluorescence emission and fluorescence excitation spectra of ring systems 
which have been identified in  other 400-500"C concentrates. The emission and excitation spectra 
of compound types isolated from these Concentrates are shown here to demonstrate the general 
applicability of the fluorescence method for the characterization of high-boiling distillates. 

b 
\ 

, 
2 
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CONCLUSIONS 

Fluorescence spectroscopy i s  a powerful analytical technique for characterizing high- 
boiling petroleum fractions, when used under proper experimental conditions. Data which are 
useful for identification of compound types can only be obtained from relatively simple fractions, 
not from complex mixtures. Ion exchange chromatography and gel permeation chromatography 
together with thin-layer chromatography appear to be satisfactory methods for obtaining oi l  
samples which are suitable for fluorescence analysis. In addition, spectra should be recorded 
using very dilute solutions in order to avoid problems such as concentration quenching and exime, 
formation. 

For qualitative applications, such as the identification of compound types i n  high-boilin: 
distillates, the fluorescence technique has proven useful for the following reasons: (1) Emission 
and excitation spectra of an individual ring system may often be instrumentally resolved even 
though the sample contains a mixture of aromatic ring systems. (2) The two spectra which are ob 
tained aid in the identification of the sample. An emission spectrum alone may not permit the 
unambiguous identification of a ring system. When this occurs, the excitation spectrum may be 
used to identify the sample. (3) Due to the high sensitivity of the instrumentation, very small , 
samples, micrograms or nanograms, may be used. 
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whether he be i n  govermnt ,  industry, or independent professional organization-- 
jsould benefit greatly from participation in  the pogress of the Fuel Chemistry 
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Members of the Division have the opportunity t o  present papers of t he i r  awn, or partici- 
pate in discussions with experts in  the i r  f ie ld .  
Division provides a permanent record of a l l  of t h i s  material in the form of preprints, 
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